5'-Ribonucleotides
such as sodium 5'-inosinate (5'-IMP) , sodium 5'-guanylate (5'-GMP) and sodium 5'-xanthylate possess strong flavor-enhancing ability for humans when they are added in a minute quantity to monosodium glutamate (MSG), but little enhancement of taste occur by the addition of sodium 5'-uridylate (5'-UMP) and 5'-cytidylate (5'-CMP) to MSG5) . ADACHI1) showed enhancement of the response in the chorda tympani of cats to MSG by the addition of 5'-IMP.
Potentiation of the neural response magnitude by the addition of a small amount of 5'-IMP, 5'-GMP, 5'-UMP and 5'-CMP to MSG has also been demonstrated in the chorda tympani nerve of rats by SATO and AKAIKE11): The effectiveness of producing the potentiation is in the order of 5'-GMP>5'-IMP>5/-UMP>5/-CMP, and in agreement with KUNI-NAKA'S finding, the effectiveness of the latter two is far smaller than that of the former two. The maximum potentiation appears by replacing 1/10 and 1/5 of MSG with 5'-GMP and 5'-IMP, respectively. Addition of 5'-AMP to MSG was found to produce the potentiation similar in magnitude to that elicited by 5'-GMP (Hui and SAT04)).
In order to investigate the mechanism of the potentiation in more detail, analysis of single chorda tympani fiber responses in the rat was performed in the present study. The results, on the one hand confirming those obtained with the whole chorda tympani nerve, have revealed on the other that significant potentiation of the response by the addition of 5'-GMP, 5'-IMP or 5 '-AMP appears in units sensitive to sucrose and that the magnitude of responses to the mixture of MSG with the above ribonucleotides is significantly correlated with that for sucrose or saccharin.
In the present paper attempts glutamate (MSG), 0.3% sodium 5'-guanylate (5'-GMP), 0.3% sodium 5'-inosinate (5'-IMP), 0.3% sodium 5'-adenylate (5'-AMP), 0.3% sodium 5'-uridylate (5'-UMP) , 0.3% sodium 5'-cytidylate (5'-CMP) and mixtures of MSG with one of the above 5'-ribonucleotides.
Usually the mixture consisted of 0 .27g MSG plus 0.03g 5'-ribonucleotides, dissolved in 100ml water, thus one-tenth of the amount of MSG being replaced by one of 5'-ribonucleotides.
The individual isolated units were stimulated first by the four basic taste solutions (0.1 M NaCl, 0.5 M sucrose, 0.01 N HCl and 0.02 M quinine hydrochloride) in order to find out the response characteristics of each unit. Next, they were stimulated successively by the test stimuli.
Numbers of impulses discharged in the first and second 5 sec periods after stimulation were counted and employed for analysis . Computations of both correlation coefficients and equations for neural data were made in the Kumamoto University Comoutation Center.
RESULTS
Potentiation of gustatory nerve fiber response to MSG by the addition of 5'-ribonucleotide
Responses of more than 80 chorda tympani fibers of rats to the test stimuli as well as the four basic stimuli were examined , and a majority of the units were found to respond to more than two kinds of stimuli . Marked enhancement of the magnitude of response by replacing one-tenth of an amount of MSG by 5'-GMP, 5'-IMP or 5-AMP was observed in nearly half of the fibers examined.
Enhancement of the response magnitude was-. mostly seen in fibers, which responded well to sucrose, but not in those predominantly sensitive to NaCl (FIGs. 1 and 2) . This is also well demonstrated in FIG. 3 On the other hand, the small spike-fiber , which responded well to NaCl, HCI and quinine but scarcely to sucrose, poorly responded to MSG , 5'-GMP, 5'-IMP and 5'-AMP and showed little enhanced response to the mixture of MSG with one of 5'-ribonucleotides.
In general, fibers , responsive to NaCl only or NaCl, HCl and quinine, yielded little potentiation of the response to MSG by the addition of 5'-GMP, 5'-IMP or 5'-AMP (FIG. 2) . Addition of 5'-UMP to MSG yielded a small amount of potentiation as compared with that produced by the addition of the former three kinds of ribonucleotides (FIG. 1) . The results are shown in TABLE 3, which reveals clearly that the magnitude of response to MSG is relatively large in S, Na-S, Na-S-H and Na-S-H-Q units compared with that in Na, Na-H, Na-Q and Na-H-Q units and that a significant potentiation of MSG response by 5'-ribonucleotides appears only in the former four which possess sensitivity to sucrose.
Units predominantly sensitive to NaCl or NaCl, HCl and/or quinine hardly show the potentiation of MSG-responses, as shown in The relationship between the magnitude of response to 0.27% MSG+0.03% 5'-GMP and that for sucrose is presented in FIG. 4B , in which a straight line relationship can be found between the two parameters in the units responsive predominantly to sucrose, indicating a close relationship between sensitivity to sucrose and that to MSG+5'-GMP (or MSGH-5'-AMP and MSG+5'-IMP).
Relationship between NaCl-response and MSG-response The relationship between the amount of response to 0.1% NaCl (x) and that for 0.3% MSG (y) in 54 units is presented in FIG. 5 Across-fiber correlations between the amounts of responses to MSG, 5'-ribonucleotides and their mixtures and those for the four basic stimuli TABLE 4 demonstrates the results of calculations of across-fiber correlation coefficients between the amounts of responses to MSG, 5'-ribonucleotides and their mixtures, and those for the four basic stimuli, the amount of responses being represented by a number of impulses discharged in the initial 5 sec period.
As shown in the table, correlation of 0.3% 5'-GMP with 0.5M sucrose is significant but the former is not correlated with the other three kinds of the basic stimuli.
On the other hand, 0.3% MSG, 5'-IMP, 5'-UMP and 5'-CMP are significantly correlated with 0.1% NaCl but not with the other three basic stimuli. When one-tenth of MSG was replaced by 5'-GMP, 5'-IMP or 5'-AMP, Correlations between pairs of responses to MSG+5'-GMP, and MSG+5'-AMP are very high, suggesting a highly similar pattern of neural information among the three, while correlation between responses to MSG+'-UMP and those to either one of the above three solutions is low compared with the former, indicating a significant difference in effect between purine nucleotides and pyrimidine nucleotides.
Equations describing the neural responses to MSG, 5'-ribonucleotides and their mixtures
In an earlier paper OGAWA, SATO and YAMASHITA9) and SATO, YAMA-SHITA and OGAWA14) (1969) Temporal patterns of impulse discharges elicited by mixtures of MSG with 5'-ribonucleotides Impulse discharges produced by various stimuli in a majority of single chorda tympani fibers consists of an initial dynamic phase followed by a steady phase.
However, when units predominantly sensitive to sucrose are stimulated by sucrose or sodium saccharin, they respond to both stimuli with rhythmic bursts of impulse discharges, intervals between bursts being 250-750msec14). Such rhythmic bursts of impulse discharges were also observed in units predominantly sensitive to sucrose when they had been stimulated by mixtures of MSG with 5'-GMP, 5'-IMP or 5'-AMP. This can be seen in  FIG. 3 However, no such periodic bursts were observed in impulse discharges produced by the mixture of MSG with 5'-UMP.
The presence of periodic impulse discharges not only in the responses to sucrose and saccharin sodium but also in mixtures of MSG with one of the 5'-ribonucleotides yields further evidence of the similarity of gustatory responses to mixtures of MSG with 5'-GMP, 5'-IMP or 5'-AMP to those to sucrose and saccharin sodium. The amount and quality of neural responses to these mixtures were found in the present study to be well represented by the equation consisting of the amounts of responses to the four basic gustatory stimuli, the magnitude of response to sucrose being a major contributing factor in the equation. In agreement with earlier studies11,12) the addition of 5'-UMP to MSG was found to produce a small effect in enhancing the neural response to MSG. However, responses to mixtures of MSG with 5'-UMP show a significant difference from those to mixtures of MSG with 5'-GMP or 5'-IMP:
The former is significantly correlated with the response to 0.1% Noel but not with that to 0.5 M sucrose, while the latter shows a positive correlation with sucrose and the absence of correlation with NaCl. In addition, the coefficients in the equation describing the response to the former are greatly different from those in the equation for the latter:
A large coefficient for the Noel-response in the former equation, but a greater coefficient, for the sucrose-response in the latter than that for the NaCl-response.
These results are consistent with KUNINAKA'S finding that 5'-UMP possesses little flavor-enhancing ability in humans by its addition to MSG. In the present study the effect of adding 5'-CMP to MSG was not investigated, but it is possible that 5'-CMP shows a similar effect to that of 5'-U MP, because their similarity of effect has been demonstrated in the chorda tympani of rats by SATO and AKAIKEl11) and SATO and YAMASHITA12).
It has been demonstrated in the Results that the magnitude of response to 0.3% MSG is significantly correlated with that for 0.1% NaCI in units predominantly responsive to Noel, the regression equation of the former on the latter being expressed by y=0.403x+0.154.
This fact has been interpreted as indicating that sodium ions are the common factor in the stimulation of gustatory receptors predominantly sensitive to Noel by MSG and Noel. On the other hand, in units sensitive to sucrose the response magnitude for 0.3% MSG is markedly deviated from the regression line described above and is greater than would be expected by the line (FIG. 5) 
